The treatment of nursing home-acquired pneumonia using a medically intensive Hospital in the Home service N ursing home-acquired pneumonia (NHAP) is a common cause of admissions to hospital of people living in residential aged care facilities (RACFs); most studies have found that it accounts for the majority of non-trauma-related acute hospital admissions in this population. [1] [2] [3] [4] [5] [6] [7] [8] [9] Dementia, immobility, swallowing problems, diabetes and renal impairment are typical comorbidities;
9-11 disease severity on presentation is therefore typically greater than for community-acquired pneumonia, and in-hospital and 30-day mortality rates are high, ranging from 10% to 40%. 4, [9] [10] [11] [12] [13] [14] [15] NHAP requires significant inpatient resources, as the hospital length of stay for these admissions is higher than for community-acquired pneumonia, with published mean stays of between 7.0 and 18.7 days. [9] [10] [11] [12] [13] [14] [15] Morbidity is also high in this group of patients, who are exposed to increased rates of unintended harm from complications such as falls and pressure wounds. [9] [10] [11] [12] [13] [14] [15] [16] [17] Nevertheless, most NHAP patients are treated successfully and discharged back to their usual care. 7, 8, 18 Despite growing concerns, most respiratory infections in this group do not involve treatment-resistant organisms. [9] [10] [11] [12] [13] [14] [15] Some studies suggest that NHAP mortality does not differ between those treated in nursing homes and those transferred to hospital. 19, 20 However, these studies may not adequately match patients with regard to severity of disease, and it is difficult to ascertain the level of intervention delivered to NHAP patients. 21, 22 Oral therapy (antibiotics, rehydration) is unlikely to be tolerated by an unwell RACF patient with pneumonia.
Families and patients accept alternatives to hospitalisation that deliver similar care to hospitals. 23 Hospital in the Home (HITH) has been established in Victoria for 20 years. This model of care has been shown to be safe and efficacious, including by a randomised study of mild to moderately severe community-acquired pneumonia. 24, 25 Its use has also been described in the acute management of older patients, and of patients in nursing homes. [26] [27] [28] However, we could find no published study that specifically examined the safety and outcome of NHAP treated in a medically managed HITH care model. In July 2013, the Royal Melbourne Hospital established a mobile x-ray service that enhanced the capacity of the HITH unit to diagnose and treat patients with suspected significant lower respiratory tract infections in their nursing homes.
The aim of this study was to compare the clinical characteristics, intravenous therapy, treatment safety and outcomes of NHAP treated solely by HITH in the nursing home setting with those of conventional inhospital treatment.
Methods
The Hospital in the Home intervention model The Royal Melbourne Hospital HITH service is responsible for all acute Abstract Objectives: To compare the outcomes for patients with nursing home-acquired pneumonia (NHAP) treated completely in a Hospital in the Home (HITH) setting with those of patients treated in a traditional hospital ward.
Design: Caseecontrol study.
Setting and participants:
All patients admitted by the Royal Melbourne Hospital for treatment of NHAP from 1 July 2013 to 31 January 2014.
Intervention: Admission to the Royal Melbourne Hospital HITH Unit within 48 hours of presentation.
Main outcome measures: Length of stay, in-hospital and 30-day mortality, hospital readmissions (30-day), complications and unplanned returns to hospital.
Results: Sixty HITH patients and 54 hospital (control) patients were identified. Thirty-two patients (53%) were admitted directly to HITH without any hospital or emergency stay, 25 (42%) were referred directly from the emergency department. HITH patients were more likely to be male, older and dehydrated, and less likely to have an advanced care directive or to have had non-invasive ventilation. There were no significant differences in CURB-65 or CORB scores between the two patient groups; similar proportions were given intravenous fluids or supplemental oxygen. There were no adjusted differences in median length of stay between HITH and control patients (À1.00 days; 95% CI, À2.72 to 0.72; P ¼ 0.252) or in overall mortality at 30 days (HITH v control patients: adjusted odds ratio [aOR], 1.97; 95% CI, 0.67e5.73). Inpatient mortality was lower for HITH patients (aOR, 0.19; 95% CI, 0.05e0.75) but unadjusted postdischarge 30-day mortality was higher (OR, 13.25; 95% CI 1.67e105.75). There were no differences between the two groups with regard to complications (falls and pressure wounds) and 30-day readmission rates (aOR, 1.59; 95% CI, 0.30e8.53).
Conclusions: This study suggests that HITH may be an effective and safe alternative to hospital treatment for residents of aged care facilities presenting with NHAP. 
Study population
This study was a caseecontrol study of patients in high-level RACFs who had been admitted to the Royal Melbourne Hospital for NHAP between 1 July 2013 and 31 January 2014. Patients who had been treated in hospital for more than 48 hours before their admission to the HITH unit were excluded. The study population included patients treated for acute lower respiratory tract infection (pneumonia, aspiration pneumonia, infective exacerbation of chronic obstructive pulmonary disease, infective exacerbation of bronchiectasis), as identified in the database of the HITH unit. The control group included patients with the same diagnoses, but admitted to hospital for conventional care during the study period; they were identified by coding and patient address data recorded by the Health Information Service of the Royal Melbourne Hospital.
Data
Data were obtained from hospital medical records, pathology and radiology systems, and the mobile x-ray service. Patient demographic (age, sex), comorbidity (age-adjusted Charlson comorbidity index), functional status (modified Barthel index) and Mini-Mental State Examination data (if available) were collected. Clinical features were described using the McGeer criteria, and the following laboratory data collected: white blood cell count, haematocrit, C-reactive protein, electrolyte and blood gas levels, and microbiological findings. Pneumonia severity scores (CURB-65, CORB) were calculated from clinical observations and pathology at admission. Information on antibiotic allergies, dehydration, acute confusion, intensive care unit admission, inotropic support, non-invasive ventilation, active resuscitation attempts and advanced care directives was also obtained from records for patients in both groups.
Treatment information gathered from hospital drug charts included the requirement for intravenous fluids or supplemental oxygen, and the duration of intravenous antibiotic therapy. An allergy mismatch was recorded when a patient was prescribed a drug to which an allergy had been noted in their record.
Outcome measures
The primary outcome measure was hospital length of stay. Acute length of stay refers to the stay in the acute ward or HITH; total length of stay refers to the total hospital stay, including acute care and any inhospital rehabilitation or assessment, such as geriatric evaluation and management.
Secondary outcome measures included 30-day mortality, inpatient mortality, complications, and readmission to hospital within 30 days. These data were obtained from the medical records of the hospital and the RACFs. Complications were classified as treatment-related (antibiotic drug-related adverse events, catheterrelated infections) or hospitalisationrelated (reported falls, new pressure wounds).
Unplanned interruption refers to a resumed admission to the traditional ward during the HITH admission, where such a return had not been expected or arranged for a procedure or other intervention. This is a clinical quality indicator that is routinely collected by the HITH.
Statistical analyses
This study was designed a priori as an equivalence analysis. It was powered to explore the hypothesis that there was no difference between the length of stay in either direction for HITH and control patients, presuming an equivalence limit of 4.5 days. This limit was selected on the basis of published studies which suggest that the mean length of stay for traditional hospital admissions for NHAP ranges between 7.0 and 18.7 days. [10] [11] [12] [13] [14] [15] [16] [17] [18] Using the conservative estimate of a standard deviation of 8 days, derived from the same papers and our own pilot data, it was estimated that a minimum sample size of 52 patients per group was required to attain a power of 80% for excluding a difference in mean length of stay of greater than 5 days, based on nonoverlap of two-sided confidence intervals.
Categorical variables were summarised as frequencies and percentages, and compared using c 2 or Fisher exact tests as appropriate. Continuous variables were summarised as means and SDs or medians and interquartile ranges (IQRs), and compared using t-or Wilcoxon ranksum tests as appropriate. Length of stay data were compared using median quantile regression, fully adjusted for baseline differences. Logistic regression was used to study 30-day mortality and readmission by group, adjusted for baseline differences. Appropriate goodness-of-fit tests were conducted for regression models. 29 For all analyses, P < 0.05 was defined as statistically significant. All analyses were conducted with Stata 13 (StataCorp).
Ethics approval
Approval for the study was obtained from Royal Melbourne Hospital Ethics Committee (reference 2014050).
Results
Sixty HITH patients and 54 hospital control patients were identified during the study period. The HITH patients were older (P ¼ 0.042), were less likely to have an advanced care plan at the time of treatment (P < 0.001), were more likely to be dehydrated (P ¼ 0.06), and were less likely to have received non-invasive ventilation support (P ¼ 0.01); the group included more men than women (P ¼ 0.026) (Box 1). There were no other significant differences in baseline characteristics between 1.e2 the two groups. Thirty-two patients (53%) were admitted directly into HITH care without a hospital or emergency department stay; 25 (42%) had been referred directly from the emergency department, and three (5%) were referred from the hospital's rapid medical assessment unit.
Length of stay
There was no difference between the median lengths of stay of HITH and control patients after adjusting for baseline differences (median regression coefficient, À1.00 days; 95% CI, À2.72 to 0.72; P ¼ 0.252).
Management of NHAP
There was no significant difference between the proportions of patients in the two groups for whom blood tests and chest x-rays were undertaken. Microbiological specimens were submitted for a significantly greater proportion of patients in the control group (P < 0.001), but there was no difference in the rate of detection of specific respiratory pathogens. Similar proportions of patients in the two groups were given intravenous fluids and supplemental oxygen. Non-invasive ventilation was more likely to be used in the control group (it was not used for HITH patients). No patient from either group was mechanically ventilated. The duration of intravenous antibiotic treatment before switching to oral antibiotics was significantly longer for HITH patients (P < 0.001) (Box 2).
The pattern of antibiotic prescribing is summarised in Box 3. HITH patients received ceftriaxone and moxifloxacin more often than control patients, who were more likely to receive azithromycin and metronidazole.
The frequency of antibiotic allergy mismatch in the two groups was similar. All except one of the mismatch cases involved mild or nonlife-threatening mismatches. There were no reported adverse reactions associated with antibiotic treatment.
Mortality
There were no significant differences in overall mortality at 30 days for the two groups, after adjusting for baseline differences (adjusted odds ratio 
Discussion
This study describes the differences between the treatment of NHAP in a traditional hospital setting and when wholly managed in a medically intense HITH setting supported by a mobile x-ray service. There was evidence that the severity of the HITH cases of NHAP was similar to that of cases admitted to hospital with this condition, and our results suggest that the length of stay for these two treatment options may be comparable. It was also found that, after IQR ¼ interquartile range. * Patients could be assigned to more than one diagnostic category. † Three of: confusion; urea >7 mmol/L; respiration >30/min; blood pressure <90 mmHg; age >65 years. ‡ Two of: confusion (acute); oxygen saturation 90%; respiration >30/min; blood pressure <90 mmHg (systolic) or <60 mmHg (diastolic). u adjustment for baseline differences, there were no significant differences between the 30-day mortality rates and those of readmission to hospital for the two approaches. This suggests that the HITH model is effective and safe for this group of patients. The outcomes we report are consistent with those reported in the international literature.
The median length of stay (reported instead of the mean because of the skewed nature of the data) was shorter than expected in both groups, but the mean total hospital length of stay for the control group was within the range reported for NHAP by other studies. [9] [10] [11] [12] [13] [14] [15] There are several possible explanations for the finding that in-hospital mortality among HITH patients was lower. First, traditional hospitals may be more forceful in applying rigid limits to the duration of treatment, withdrawing active therapy earlier than in the HITH setting. Prolonging intravenous antibiotic treatment for HITH cases may improve short-term clinical responses. Second, the hospital generally provides palliation services until the death of the patient, while HITH patients were often discharged to their usual care providers after active treatment was stopped and palliation had begun. Finally, the process of transfer to hospital may accelerate clinical deterioration in this frail group.
There are potential challenges to the validity of our findings. Despite the matching of patients and adjustment for baseline differences, this was not a randomised study. We cannot, therefore, exclude the possibility that the two groups differed with regard to other variables, known or unknown, that could account for our findings. Selection of a patient into the HITH group may have been based on the awareness of HITH on the part of the attending doctor or the referring nursing home, the wishes of the patient or their family, or may have been influenced by the availability of a hospital bed at the time of presentation. The reasons for not transferring a patient to HITH in this study could include family reluctance to consider an alternative to traditional hospital care; the unwillingness of the patient's RACF to accept HITH, or a lack of awareness or will on the part of the treating emergency department doctors of HITH; further unknown or unmeasured markers of disease severity; or the time of presentation. 30 The authors of the report assumed a mean hospital length of stay of 7 days for pneumonia, which amounts to 222 320 hospital bed-days for 2008e09, or 609 fully occupied Australian hospital beds for patients with NHAP. The potential impact of moving some of those patients into HITH care would be substantial.
It is a challenge for hospitals to reconsider the best place to deliver acute care for specific segments of the population. Simply reducing hospital stays for severely unwell patients is not always acceptable. Systems are designed around traditional admission procedures, and alternatives are often not sufficiently prominent or adequately resourced to make a significant impression on the usual processes. However, the proportion of the hospital workload associated with treating RACF patients will only increase. HITH may provide a targeted and effective hospital response that can deliver equivalent quality care without extending the patient's length of stay. This requires well resourced, intensive, medically based HITH, supported by hospitallevel technologies, such as intravenous therapies, expert staff and mobile x-ray facilities, as well as the willingness to meet the challenge of switching care models for the high level of disease severity with which these patients inevitably present. 
